abstract the aim of the study was to evaluate selected indicators of the technological suitability of milk from four breeds of cow housed in free-stall barns and fed in a tmr system. a total of 1,146 milk samples were analysed, collected from cows of the breeds polish holstein-friesian (black-and--white and red-and-white populations), Jersey, and simmental. the following were determined in the samples: content of solids non-fat and casein, protein-to-fat ratio, active and potential acidity, heat stability, rennet clotting time, and milk fat dispersion. despite the use of a mono-diet (tmr) year round, somewhat higher daily milk yield was obtained in the spring/summer season, but the differences were statistically significant (P≤0.01) only in the case of PHF RW. The milk obtained in the autumn/winter season contained more solids-non-fat, including casein, and in the case of JE and PHF HO the differences were statistically significant (P≤0.01). It also had significantly higher heat stability and a longer rennet clotting time (P≤0.01), with the greatest differences noted in the case of the sm breed. milk from this period also had a higher percentage of fat globules with a diameter ≥6 µm. The concentration of solids-non-fat, including casein, increased significantly (P≤0.01) over the course of lactation in all of the breeds evaluated. The stage of lactation did not significantly affect clotting time, heat stability, or milk fat dispersion. key words: technological suitability of milk, cattle breeds, tmr feeding system, production season, lactation stage About one third of cow milk produced worldwide (Guinee, 2003) is used in the production of over 18 million tonnes of cheese (FAOSTAT, 2013) . Most cheeses are produced by enzyme coagulation, and thus an important factor determining the suitability of milk for cheese production is rennet clotting time. Coagulation time and *This study was financed from statutory activity.
material and methods
The study was carried out on 5 farms in south-eastern Poland. The cows were housed in free-stall barns without litter, with resting boxes separated by barriers and mats for bedding, except for the Simmentals, which had no boxes and lay on straw. In all barns manure was removed with a yard scraper, except for one (housing the Jersey herd) in which a hydraulic manure scraper was used. All of the barns had milking parlours (herringbone, with the exception of one tandem milking parlour, in a barn housing Polish Holstein-Friesian Black-and-White cows). The average productivity of the cows in the herds analysed is presented in Table 1 . In most of the barns cows were milked and fodder was supplied from a feeding wagon twice a day. The composition of the TMR ration was the same throughout the year. The percentages of each type of fodder depending on the lactation period are presented in Table 2 . The cows were subjected to use value assessment for dairy cattle and met the requirements for milk production established by Commission Regulation (EC) No. The material for the study consisted of 1146 milk samples collected from cows of the following breeds: Polish Black-and-White Holstein-Friesian (269 samples), Polish Red-and-White Holstein-Friesian (302), Jersey (335), and Simmental (240). The milk samples were collected from cows in second and third lactations. The sam-pling was done individually from one day's milk obtained from each cow, twice during the course of one year (in the spring/summer and autumn/winter seasons), into 250-ml plastic bottles. Samples from cows with diseased udders were eliminated. The milk was transported in thermal bags with freezer packs to the laboratory of the Department of Commodity Science and Processing of Raw Animal Materials, University of Life Sciences in Lublin (AOAC, 2000 b) .
The following were determined in each milk sample: content of solids-non-fat using a Bentley Infrared Milk Analyzer and casein according to AOAC (2000 a o C±0.5 o C, and observed until the moment when the first casein floccules formed); and the percentage of fat globules in three size ranges: <6 μm, 7-10 μm and >10 μm (by microscopy at 1000× magnification in smears stained with Sudan III) (Litwińczuk, 2011) . The proportion of protein to fat in the samples was calculated as well. Somatic cell count (SCC) was determined using a Bentley Somacount 150 apparatus, in order to eliminate milk samples with SCC above 400,000/ml.
Data on the daily milk yield of the cows was obtained from breeding documentation conducted by the Polish Federation of Cattle Breeders and Dairy Farmers.
The data regarding milk yield and selected traits of milk technological suitability were subjected to analysis of variance (ANOVA) using the GLM procedure of STA-TISTICA ver. 6 (StatSoft, 2003) . For statistical analysis, two models were used. The first model with fixed effects included cow breed, production season, and interaction, according to the following linear model:
µ -overall mean, G i -cow breeds (i = PHF HO, PHF RW, SM, JE), S j -production season (j = spring/summer, autumn/winter), (G i × S j ) -interaction cow breeds × production season, e ijk -the effect of random error.
The second model included breed, stage of lactation, and interaction, according to the following linear model: 
results
The data in Table 3 show that the highest daily yield was observed in the cows of the Black-and-White population of the Holstein-Friesian breed (25.8 kg), and the lowest in the Jerseys (21.65 kg). Milk yield in the Simmental cows was at an intermediate level (23.2 kg). Cows of all the breeds produced more milk in the spring/ summer season, but the differences were statistically significant (P≤0.01) only in the case of the Red-and-White population of Polish Holstein-Friesians. The milk of the Jersey cows stood out in terms of its content of components determining cheese yield (Table 3) . It contained significantly (P≤0.01) the most solids-non-fat (9.60%) and casein (3.07%), but had the least beneficial protein-to-fat ratio (0.80). The milk of the Simmental cows had a high concentration of casein (2.92%) and at the same time the significantly (P≤0.05) most beneficial protein-to-fat ratio (0.86). Analysis of seasonal changes in the content of the milk components (Table 3) showed that the concentration of solids-non-fat and casein and the protein-to-fat ratio were always higher in the autumn/winter season, although statistically significant differences were noted only in the case of the Black-and-White Polish Holstein-Friesian and Jersey cows (P≤0.01).
The longest clotting time was observed in the milk of the Simmental breed (348 s), and was about 60 s longer than in the other breeds (Table 3 ). This milk also had the lowest active and potential acidity (6.72 pH and 6.85 ºSH), while the highest acidity was noted in the Jersey cows (6.62 pH and 7.46 ºSH). Milk obtained in the spring and summer months generally had a significantly shorter (P≤0.01) rennet clotting time and higher active and potential acidity (pH and ºSH). The best heat stability (P≤0.01) was noted in the Black-and-White Polish Holstein-Friesian cows (220 s), while the milk of the Jersey cows was most susceptible to thermal destabilization (140 s). Milk from all 4 breeds had significantly higher (P≤0.01) heat stability in the autumn and winter months ( Table 3) .
The milk of the Black-and-White Polish Holstein-Friesian cows had significantly (P≤0.01) the highest percentage of small fat globules (68.87%), while the milk fat of the Jersey cows had the highest percentage of medium-sized (P≤0.01) and large (P≤0.05) fat globules (35.41% and 12.73%, respectively), and significantly the lowest percentage (P≤0.01) of small ones (52%). In the milk of the other breeds, the percentage of fat globules in each size range attained intermediate values. Significant (P≤0.01) differences in milk fat dispersion were noted between production seasons. In the autumn/winter months the percentage of fat globules of ≥6 µm diameter increased in all of the breeds evaluated (Table 3) . x -weighted arithmetic mean; SD -standard deviation; P/F -protein-to-fat ratio; * -differences between seasons significant at P≤0.05; ** -significant at P≤0.01; a, b, cdifferences between breeds significant at P≤0.05; B, C, D -significant at P≤0.01; influence of factor: x -at P≤0.05; xx -at P≤0.01; nd -none determined. The data in Table 4 show that in all of the breeds evaluated daily milk yield decreased over the course of lactation. In the Jersey, Red-and-White Holstein-Friesian and Simmental breeds the decrease was relatively large -5.32, 4.59 and 4.50 kg, respectively (P≤0.01), while in the Polish Black-and-White Holstein Friesians it was smaller (1.16 kg) and statistically insignificant. Over the course of lactation the concentration of casein and solids-non-fat in the milk increased significantly (P≤0.01 and P≤0.05). In the case of solids-non-fat, the differences between the first and third stage of lactation ranged from 0.14% in the milk of the Simmentals to 0.43% in the Polish Black-and-White Holstein Friesians, and the casein content was 0.22% and 0.36%, respectively. The percentage of large and medium-sized fat globules also showed a downward trend, but this was not confirmed statistically.
Analysis of the simultaneous influence of breed and production season showed highly significant interactions (P≤0.01) for daily milk yield, potential acidity, casein content, concentration of solids-non-fat, rennet clotting time, and milk fat dispersion, as well as significant interactions (P≤0.05) for active acidity (Table 5 ). Significant breed × lactation-stage interactions were noted for daily milk yield (P≤0.01), while for most of the technological suitability parameters analysed, with the exception of casein content and percentage of small fat globules (P≤0.01) and solids-non-fat content and potential acidity (P≤0.05), no interactions between these factors were found (Table 5) .
discussion
All four breeds of cow evaluated, fed in a TMR system, exhibited relatively high daily milk yield (22-26 kg), but with some significant differences between breeds, which are confirmed in a study by Brodziak et al. (2012) . Although the cows were fed a mono-diet year round (TMR), somewhat higher daily milk yield was observed in the spring/summer season, and in the case of the Red-and-White Holstein-Friesian cows the differences were significant (P≤0.01). Similar tendencies have been reported by Strzałkowska et al. (2010) and Brodziak et al. (2012) . A high concentration of basic components in the milk of Jersey cows was also noted by White et al. (2001) . Guinee (2003) states that the milk of these cows is the best raw material for cheese production, as it coagulates faster, the curd obtained is firmer, and the cheese yield is higher.
The differences in milk composition between the spring/summer and autumn/ winter seasons were small because the same set of TMR feeds was used all year. This eliminated the seasonal differences characteristic of traditional feeding, in which pasture grazing is a substantial element. However, most authors (Król et al., 2010; Strzałkowska et al., 2010; Brodziak et al., 2012) confirm that the milk of cows of different breeds fed in a TMR system has a more beneficial chemical composition in the autumn/winter season.
A significant factor in the production of rennet cheeses is enzyme coagulation time, which significantly influences the firmness of the curd. The observation of the longest coagulation time in the Simmental breed (on average about 1 minute longer than in the other breeds) does not find confirmation in an earlier study by Litwińczuk et al. (2012) . The authors evaluated milk from cows of three breeds included in the genetic resources conservation programme (Polish Red, White-Backed and Polish Black-and-White), and as a reference, Polish Holstein-Friesians kept in intensive farming systems and conventionally-fed Simmentals. They noted the longest rennet clotting time in the milk of the Holstein-Friesian cows (297 s). The milk of the Simmentals fed in a conventional manner, with a diet based on pasture forage, clotted significantly (P≤0.01) faster (compared to the Polish Red and Polish Black-and-White), i.e. about 140 s faster than the milk of the Simmentals in the present study. The fact that in the present study the longest clotting time was noted in the intensively-farmed Simmentals may result from the use of maize silage and dried grass year round, rather than fresh grass in the summer and hay in the winter.
In the present study, rennet clotting time was generally significantly shorter (P≤0.01) in the spring and summer months, which is confirmed by an earlier study by Barłowska et al. (2012 ). De Marchi et al. (2007 also observed a shorter clotting time in the summer months in milk from 5 breeds of cows (Holstein-Friesian, Brown Swiss, Simmental, Rendena and Alpine Gray). In studies by Jõudu et al. (2007) and St-Gelais and Hache (2005) , the milk with the longest rennet coagulation time was found to be highly resistant to the effects of high temperature. This is partially confirmed by our study, in which the milk of the Simmental cows, which had the longest enzyme coagulation time, had relatively high heat stability (Table 3) . The significantly higher (P≤0.01) heat stability noted in the present study for the milk of TMR-fed cows in the autumn/winter season is confirmed by earlier studies by the authors (Barłowska and Litwińczuk, 2006) , as well as by studies on milk obtained in traditional feeding systems, i.e. pasture.
The fact that the percentage of larger fat globules increased in the autumn and winter months is confirmed by Michalski et al. (2004) , who reported that in the winter the average diameter of fat globules was greater (as much as 7-fold) than in the spring, so that the surface area (m 2 ) of 1 g of fat globules in individual samples of spring milk was as much as 10 times higher than in winter milk.
The stage of lactation did not significantly influence most of the technological suitability indicators analysed, with the exception of concentration of solids-nonfat, including casein. Ikonen et al. (2004) found that milk from the middle stage of lactation coagulated the most slowly. A similar relationship was observed by Harzia et al. (2013) , who found that milk at the beginning of lactation coagulated fastest, after which its clotting time increased continually until the 8th month of lactation, decreasing slightly during the final period. Penasa et al. (2014) found that rennet clotting time increased up to day 90 of lactation, and then decreased somewhat after day 210. Frederiksen et al. (2011) , assessing the milk of cows of three breeds (Danish Holstein-Friesian, Danish Red and White, and Danish Jersey) maintained in free-stall barns and fed a TMR system, found significant (P≤0.001) differences between breeds in rennet coagulation time; however, no effects of lactation day (as in the present study), and lactation number on this parameter were shown. This may be the result of husbandry technology used (free-stall barns and TMR feeding system), similar to the herds of cows included in the present study.
To sum up, in the milk production technology used, i.e. free-stall housing and TMR feeding, the production season (spring/summer and autumn/winter) influenced daily milk yield and casein content, but above all differentiated its technological suitability indicators (P≤0.01), i.e. rennet clotting time and heat stability. The greatest differences in this regard were noted for daily milk yield in the PHF RW breed, for casein content in JE, and for clotting time and heat stability in SM. The stage of lactation generally did not significantly influence the technological suitability indicators analysed, i.e. its clotting time, heat stability and fat dispersion. Analysis of the simultaneous influence of breed and production season showed highly significant interactions (P≤0.01) for daily milk yield, potential acidity, casein content, concentration of solids-non-fat, rennet clotting time, and milk fat dispersion, as well as significant interactions (P≤0.05) for active acidity. However, for most of the technological suitability parameters analysed, with the exception of casein content and percentage of small fat globules (P≤0.01) and solids-non-fat content and potential acidity (P≤0.05), no interactions between these factors were found. Zootech., . D e M a r c h i M., D a l Z o t t o R., C a s s a n d r o M., B i t t a n t e G. (2007) . Milk coagulation ability of five dairy cattle breeds. J. Dairy Sci., 90: 3986-3992. D e w e t t i n c k K., R o m b a u t R., T h i e n p o n t N., T r u n g L e T., M e s s e n s K., C a m p J.V.
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